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I -  Development of Chemical Analysis Techniques 
For 

Advanced Materials Research Program 

I .  SUMMARY 

The period covered by this report has been devoted to the 

analysis of MgO powders and compacts, These analyses include mass 

spectrographic impurity analyses, emission-spectrographic checks of 

metallic impurity levels, and hot extraction hydrogen analyses. 

Several problems have arisen with respect to mass spectrographic 

analyses. Briefly, these involve surface contamination and difficulties 

in the analysis of insulating compacts. The surface contamination prob- 

lem has been resolved by a combination of baking and presparking, 

method used for the analysis of compacts is not yet in reliable condition. 

In order to obtain any analyses for these materials we have had t o  resort 

to grinding techniques, 

The 

11. ACI'IVITY DURING THE REPORTING PERIOD 

A. Mass-Spectrographic Analysis of MgO Powders. 

Techniques for the mass-spectrographic analysis of MgO powders 

have advanced to the point where we consider this a reliable and accurate 

analysis. A surface contamination problem has been successfully resolved and 

we have obtained excellent checks on the level of  metallic impurities by 

means of emission spectrography. Details of the procedure for powders 

follow. 

A weighed portion of the MgO is intimately mixed with two parts 

by weight of pure silver. The mixture is then pressed at 12000 psi to 
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form e l e c t r o d e s ,  

i n s e r t e d  i n t o  t he  mass s p e c t r o g r a p h  t o  avo id  surface con taminan t s .  The 

specimen i s  baked overnight a t  about  15OoC and a p r e s p a r k  exposure  of  

3 % lo-' coulombs i s  r eco rded  p r i o r  t o  t h e  a n a l y t i c a l  exposures .  The 

a n a l y t i c a l  exposures  c o n s i s t  o f  a series c o v e r i n g  t h e  r ange  I x L U - - -  

coulombs t o  3 x lo-' coulombs. 

p l i shmen t s :  

These e l e c t r o d e s  a r e  s p l i t  l e n g t h w i s e  b e f o r e  be ing  

7 7  

These s t e p s  l e a d  t o  t h e  f o l l o w i n g  accom- 

1, The i n s u l a t i n g  powder i s  c o n v e r t e d  t o  a s o l i d  conduc t ing  

shape s u i t a b l e  f o r  use a s  a n  e l e c t r o d e  i n  the mass s p e c t r o g r a p h ,  The 

i n t i m a t e  weighed m i x t u r e  a l l o w s  u s  t o  make q u a n t i t a t i v e  e s t i m a t e s  of  

i m p u r i t y  l e v e l s  since known amounts of s i l v e r  and MgO a r e  p r e s e n t  i n  t h e  

spectrum. 

2, S p l i t t i n g  t h e  e l e c t r o d e s  avo ids  s u r f a c e  i m p u r i t i e s  i n t r o d u c e d  

by t h e  d i e .  

have n o t  y e t  met w i t h  complete  success. 

s p l i t t i n g  the e l e c t r o d e  seems t o  g i v e  resul ts  most r e p r e s e n t a t i v e  of  t h e  

sample compos i t  ion .  

Attempts  t o  remove t h e s e  i m p u r i t i e s  by e t c h i n g  and s c r a p i n g  

The f r e s h  s u r f a c e  exposed by 

3. Baking and p r e s p a r k i n g  a l s o  a i d  i n  t h e  removal of surface 

When the spectrum of t h e  p re spa rk  i s  examined we o f t e n  see i m p u r i t i e s ,  

i m p u r i t i e s  t h a t  a r e  not  p r e s e n t  i n  the b u l k  o f  t h e  sample.  F i g u r e  1 shows 

an extreme example of s u r f a c e  i m p u r i t i e s  r eco rded  i n  t h e  p re spa rk  spectrum 

and t he i r  subsequent  removal.  The baking s t e p  a l s o  a l l o w s  u s  t o  estimate 

n i t r o g e n  l e v e l s  i n  these samples ,  

B. Emiss ion  S p e c t r o g r a p h i c  C h e c k s  of Mass Ana lyses ,  

The accu racy  of the mass s p e c t r o g r a p h i c  a n a l y s i s  of  me ta l l i c  

Emission i m p u r i t i e s  h a s  been s u b s t a n t i a t e d  by emis s ion  s p e c t r o g r a p h y .  

I 
1 

- 2 -  



FIG. 1 Mass s p e c t r a  o f  MgO compacts .  I n  t h e  upper  p l a t e ,  l i n e s  a t t r i b u t a b l e  
t o  hydrocarbon i m p u r i t i e s  a r e  c l e a r l y  v i s i b l e .  These  l i n e s  have  been  
e l i m i n a t e d  from t h e  lower  p l a t e  by a combina t ion  o f  b a k i n g  and p r e -  
s p a r k i n g  t r e a t m e n t s .  
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a n a l y s e s  have been conducted w i t h  t h e  a i d  of a series of MgO m a t e r i a l s  

w i t h  known i m p u r i t i e s  i n  t h e  range 1-1000 ppm. 

w i t h  working c u r v e s  t o  r e l a t e  i n t e n s i t y  t o  c o n c e n t r a t i o n  f o r  unknown MgO 

samples.  Working c o n d i t i o n s  f o r  t h e  emis s ion  a n a l y s e s  a r e  a s  f o l l o w s :  

These materials p r o v i d e  u s  

T a b l e  I .  Cond i t ion  f o r  e m i s s i o n - s p e c t r o g r a p h i c  a n a l y s i s  of WgO. 

B a i r d  3-meter spec t rog raph  
d c  a r c  
15 amperes 
25  mg sample 
10 p s l i t  width 
3 s l i t  h e i g h t  

45 second exposure 
Argon atmosphere 
Wavelength range - 2400-3600 i, 2nd o r d e r  
Eastman SA-1 p l a t e s  

S e n s i t i v i t y  l imi t s  have been de te rmined  f o r  t h e  method and these 

are  l i s t e d  below f o r  t h e  elements of i n t e re s t ,  

T a b l e  11. D e t e c t i o n  limits f o r  i m p u r i t i e s  i n  MgO by emiss ion  s p e c t r o g r a p h y .  

(ppm w e i g h t )  

Boron 
Sodium 
A l u m i n u m  
Si 1 i con  
Potassium 
Calcium 
Titanium 
Ch r om i um 
Manganese 
I r o n  
Copper 
Coba l t  

5 - 10 
0.01 

1 
1 

0 -01 
1 
1 
1 
1 
1 

0.05 
1 

Problems i n v o l v i n g  v e r y  poor s e n s i t i v i t y  were encoun te red  e a r l y  

i n  t h i s  work. 

s p e c t r a ,  and a l s o  by the use of  an argon atmosphere,  The use of  argon f o r  

These problems have been r e s o l v e d  by u s i n g  second-order  

- 3 -  
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t h e  a r c  atmosphere g i v e s  a marked r e d u c t i o n  of  background on the p l a t e  

w i t h  a consequent  increase i n  s e n s i t i v i t y ,  

The s e n s i t i v i t y  and accuracy o f  t h e  emis s ion  method f o r  metal l ic  

i m p u r i t i e s  appea r  t o  be q u i t e  s a t i s f a c t o r y .  However, t h i s  s t i l l  l e a v e s  a 

small group of i m p u r i t y  elements such as phosphorus and f l u o r i n e  which 

w i l l  need t o  be checked by o t h e r  methods. A b r i e f  i n v e s t i g a t i o n  w i l l  be  

made d u r i n g  the f o u r t h  q u a r t e r  t o  f i n d  check methods f o r  these e l e m e n t s .  

Agreement between mass and emiss ion  methods f o r  m e t a l l i c  i m p u r i t i e s  

has been u n u s u a l l y  good. The t echn iques  used t o  e v a l u a t e  p l a t e s  from t h e  

mass s p e c t r o g r a p h  are p robab ly  t h e  prime s o u r c e s  o f  e r r o r  i n  t h e  a n a l y s i s .  

The p r e s e n t  s t a t e  of mass - spec t rog raph ic  a n a l y s e s  f o r  m a t e r i a l s  w i t h o u t  

s t a n d a r d s  w i l l  l e a d  t o  e r r o r s  of a t  l e a s t  f 50%. Most o f  t h e  emis s ion  

s p e c t r o g r a p h i c  checks f a l l  w i t h i n  these limits. A comparison of mass and 

emiss ion  resu l t s  f o r  two MgO powders and a magnesium m e t a l  sample f o l l o w -  

T a b l e  111. Comparison o f  mass and emiss ion  s p e c t r o g r a p h y  f o r  s e l e c t e d  
elements i n  magnesium and magnesium o x i d e  (ppm a t o m i c ) .  

F i s h e r  M-300 JPL-8 Magnesium Metal 

B 
Na 
A 1  
S i  
K 
Ca 
Ti  
C r  
Mn 
Fe 
N i  
co 
cu 
Zn 
Ba 

Mass 
3 
100 
75 
2400 

150 
10 
5 
2 
05 
10 
10 
5 
11 

- 

e1 

Em i s s i on 

< 10 
500 
50 

> 1000 
< 1  

350 
< 10 
< 5  
< 5  

65 
< 5  

5 
< 5  

5 

Mass 
2 

<1 
35 
75 

<1 
30 

<1 
3 

<1 
15 

<1 
<1 

2 
10 

- Emission 

< 10 
<30 

50 
65 

< 1  
20 

< 10 
< 5  
< 5  

< 5  
< 5  

5 
10 

15 

Mass 
3 
5 
5 
9 
40 
3 
3 

- 

1 

Emission 

5 

15 
15 

5 
< 5  

- 

- 

ND 
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C. Mass-Spectrographic  A n a l y s i s  of MqO Compacts, 

A n a l y s i s  of p r e s s e d  specimens o f  MgO has  been t h e  most d i f f i c u l t  

problem encoun te red  s o  f a r .  A common t e c h n i q u e  w h i c h  i n v o l v e s  t h e  use of  

a me ta l l i c  c o u n t e r  e l e c t r o d e  h a s  n o t  l i v e d  up t o  i t s  promise.  

uses go ld  o r  s i l i c o n  as a c o u n t e r  e l e c t r o d e  a t  t h e  r f  s i d e  of t h e  s o u r c e .  

Claims i n  t he  l i t e r a t u r e  s t a t e  t h a t  t h e  c o n t r i b u t i o n  from the meta l l ic  

e l e c t r o d e  i s  less  t h a n  5% of  t h e  t o t a l  i o n  beam. 

T h i s  method 

The major  s o u r c e  o f  our  t r o u b l e  w i t h  t h i s  t e c h n i q u e  i s  i l l u s t r a t e d  

i n  F i g .  2 ,  Examinat ion of  the g o l d  l ine a t  mass 197 i n d i c a t e s  t h a t  the 

c o n t r i b u t i o n  i s  both g r e a t e r  t h a n  5% and a l s o  u n c o n t r o l l a b l e .  T h i s  would 

i n d i c a t e  t h a t  w h i l e  a p p r e c i a b l e  q u a n t i t i e s  of MgO are be ing  i o n i z e d ,  t h e  

g o l d  i s  a l s o  making a major  c o n t r i b u t i o n  t o  t h e  spec t rum.  

c o n t e n t  o f  the  spectrum makes q u a n t i t a t i v e  i n t e r p r e t a t i o n  of  the  p l a t e s  impos- 

s i b l e  because  the amount of  MgO i n  a g iven  exposure  canno t  be  est imated. ,  

A comparison o f  t h i s  t e c h n i q u e  w i t h  the powder method fur ther  i l l u s t r a t e s  

t h e  problems of  p l a t e  i n t e r p r e t a t i o n ,  u s i n g  a c o u n t e r  e l e c t r o d e ,  

The v a r y i n g  g o l d  

I n  t h e  powder method, we have i n t i m a t e l y  mixed weighed p o r t i o n s  

of  MgO and s i l v e r .  T h i s  a l l o w s  us t o  c a l c u l a t e  t h e  e x a c t  amount of  MgO i n  

each exposure  and then  make q u a n t i t a t i v e  e s t i m a t e s  of i m p u r i t y  l e v e l s .  I n  

t h e  c o u n t e r - e l e c t r o d e  t e c h n i q u e ,  w i t h  t he  amount of MgO v a r y i n g  by an 

unknown amount i n  each e x p o s u r e p  we a r e  a b l e  o n l y  t o  make q u a l i t a t i v e  

estimates. 

Analyses  have been ob ta ined  from s e v e r a l  p r e s s e d  MgO specimens 

by g r i n d i n g  and t h e n  t r e a t i n g  t h e  specimens a s  a powder. T h i s  i s  d e f i n i t e l y  

an e x p e d i e n t  t o  a l l o w  u s  t o  e s t i m a t e  the p u r i t y  of t h e  samples .  

t h e  r e s u l t s  appea r  q u i t e  a c c e p t a b l e ,  

However, 

- 5 -  
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FIG. 2 Mass spec tra  of compacted MgO specimen w i t h  a go ld  counter 
e l e c t r o d e .  Note t h e  varying amount of  gold i n  t h e  spec tra  
as  well a s  t h e  varying hydrocarbon impurity. 
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The p r e s s e d  specimens were ground i n  a boron c a r b i d e  m o r t a r  t o  

about  300 mesh, Then the powder was mixed w i t h  s i l v e r ,  p r e s s e d  i n t o  

e l e c t r o d e s  and t r e a t e d  i n  t he  normal manner, C o n s i d e r a t i o n s  of  t h e  hard-  

ness of t h e  specimen and t h e  m o r t a r  i n d i c a t e  t h a t  t h e r e  should be  l i t t l e  

o r  no con tamina t ion  i n t r o d u c e d  i n  t h e  g r i n d i n g  s t e p .  

c a r b i d e  i s  9 , 5 ,  w h i l e  e s t i m a t e s  f o r  the ha rdness  of MgO are  about  5 , 5 .  

T h i s  h a s  been bo rne  o u t  i n  our  examinat ion of t h e  mass s p e c t r a  o f  m a t e r i a l s  

ana lyzed  by t h e  g r i n d i n g  t e c h n i q u e .  

1 - 5 ppm a tomic  boron content  and this  v a l u e  has  no t  been exceeded i n  our  

a n a l y s e s ,  The con tamina t ion  l e v e l  w i l l  b e  s t r o n g l y  dependent on the hard-  

ness of t h e  MgO sample 

treatment 

Hardness of boron 

Various J P L  MgO powders show from 

and some m a t e r i a l s  may not  be  amenable t o  t h i s  

The resu l t s  of  three a n a l y s e s  on p r e s s e d  MgO are shown i n  T a b l e  

IV, on t h e  f o l l o w i n g  page.  

The most promising s o l u t i o n  t o  t h e  problem of mass a n a l y s e s  f o r  

compacted MgO specimens would seem t o  be d i r e c t  s p a r k i n g  of two MgO 

e l e c t r o d e s .  M a t e r i a l s  of s u r p r i s i n g l y  poor c o n d u c t i v i t y  (CaWOq, U 0 2 )  can 

b e  ana lyzed  i n  t h e  mass s p e c t r o g r a p h  w i t h  e x c e l l e n t  resu l t s .  I n  t h e  hope 

t h a t  the same would be t r u e  f o r  MgO, i n  s p i t e  of  i t s  i n s u l a t i n g  p r o p e r t i e s ,  

w e  have made some p r e l i m i n a r y  experiments  t o  a s c e r t a i n  how much i o n  c u r r e n t  

i s  a v a i l a b l e  from a p a i r  of MgO e l e c t r o d e s .  

W h i l e  i t  has  no t  y e t  been p o s s i b l e  t o  o b t a i n  suf f ic ien t  i o n  

c u r r e n t  t o  be u s e f u l  a n a l y t i c a l l y ,  s p a r k s  were o b t a i n e d  between t h e  two 

i n s u l a t i n g  e l e c t r o d e s ,  

t h e  h o l d e r s ,  so there i s  no doubt  t h a t  s p a r k s  were drawn between t h e  e l e c t r o d e s  

and n o t  between t h e  h o l d e r s "  

t o  t h e  area between the  two e l e c t r o d e s -  

The e l e c t r o d e s  p r o j e c t e d  about  one-half  i n c h  beyond 

The s p a r k i n g  was e r r a t i c  and was no t  c o n f i n e d  

- 6 -  
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A1 
Si  

P 
S 
c1 
K 
Ca 
Fe 

N 
OH 

Table IV. 
Analysis of Ma0 Compacts 

oe 125 

10 (contam, ?) 

< 1  

e 1  
1000 + 
0 

€ 1  
4 
15 

< 1  
5 
3 3  

65 
3 

OP 144 

B 
F 
Na 
A1 

Si 
e 
S 
C1 
K 
Ca 
Fe 
N 
OH 

OP 141 

B 

F 
Na 
A1 
Si 
P 
S 
c1 
K 
Ca 
Fe 

N 
OH 

3 

3 

< 1  
1 2  
40 
10 
3 
65 
3 
40 
4 
50 
3 

3 

2 

< 1  

6 
20 

5 
8 

35 
5 
10 
3 3  
300 

1 
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I f  t h e  s p a r k i n g  r a t e  can be i n c r e a s e d  i t  shou ld  be p o s s i b l e  t o  

g e t  enough i o n  current t o  be of a n a l y t i c a l  v a l u e .  One  p o s s i b l e  mechanism 

f o r  t h i s  p r o c e s s  would invo lve  s t r o n g  l o c a l  h e a t i n g  e f f e c t s  w h i c h  would 

cause  t h e  r e s i s t i v i t y  t o  f a i l  enough so t h a t  s p a r k i n g  o c c u r s .  T h i s  would 

seem c o n t r a r y  t o  the e x c e p t i o n a l  thermai  c o n d u c t i v i t y  of MgO, b u t  from o u r  

o b s e r v a t i o n s  d u r i n g  mass spec t rog raph  a n a l y s e s  i t  s t i l l  appea r s  p l a u s i b l e ,  

I n  many a n a l y s e s  we have seen severe l o c a l  h e a t i n g  o f  e l e c t r o d e s ,  p robab ly  

due t o  e l e c t r o n  bombardment i n  the sample a r e a .  T h e r e f o r e ,  i t  would seem 

t h a t  t h e  major  b a r r i e r  t o  t h i s  t ype  of a n a l y s i s ,  i , e ,  o b t a i n i n g  a s p a r k ,  

h a s  a l r e a d y  been surmounted, I t  remains f o r  u s  t o  i n c r e a s e  t h e  s p a r k i n g  

r a t e  t o  t h e  p o i n t  where we can o b t a i n  u s e a b l e  i o n  beams. 

a r e a  cou ld  be conf ined  t o  a small  a r e a  on the  e l e c t r o d e ,  r e a s o n a b l e  i o n  

currents  cou ld  be o b t a i n e d .  

I f  t h e  s p a r k i n g  

Methods f o r  i n c r e a s i n g  ion  c u r r e n t  from an i n s u l a t i n g  e l e c t r o d e  

p a i r  a r e  b e i n g  i n v e s t i g a t e d ,  The most promising of  these i n v o l v e s  sharpen-  

i n g  one e l e c t r o d e  t o  a p o i n t ,  T h i s  w i l l  resul t  i n  i n c r e a s e d  t e m p e r a t u r e  

and c o n d u c t i v i t y  which should a i d  i n  i o n i z a t i o n  of t h e  sample. 

The advantages t o  be  gained from the  d i r e c t  s p a r k i n g  of  two MgO 

e l e c t r o d e s  a re  obvious.  A l l  t h e  ion c u r r e n t  o b t a i n e d  i s  u s e a b l e  and there 

i s  no  i n t e r f e r i n g  spectrum from conduc t ing  a d d i t i v e s  such as s i l v e r  o r  g o l d .  

If t h i s  method can  be developed i n t o  a r o u t i n e  a c c u r a t e  a n a l y t i c a l  t e c h n i q u e  

i t  w i l l  s o l v e  almost  a l l  of o u r  problems w i t h  MgO impur i ty  a n a l y s i s .  

D.  E v a l u a t i o n  of  Mass-Spectrograph P h o t o p l a t e s ,  

The d e t e r m i n a t i o n  o f  impur i ty  c o n c e n t r a t i o n  from l i n e  d e n s i t y  on 

a p h o t o p l a t e  h a s  always been a c o n t r i b u t i n g  f a c t o r  t o  e r r o r s  i n  mass- 

s p e c t r o g r a p h i c  i m p u r i t y  a n a l y s e s ,  T h e  f a c t  t h a t  there i s  no u n i v e r s a l  o r  



0 

accepted method for plate interpretation is indicative of the general lack 

of agreement among spectrographers on data analysis, 

Visual estimation and microdensitometry are two common methods in 

use today. 

to semi-quantitative work. The microdensitometric method is much more time 

consuming but is also potentially more accurate and precise. 

to evaluate the two methods for our purposes we have analyzed a number of 

plates by both techniques. 

Visual estimation is simple and rapid and is normally restricted 

In an effort 

We have found that visual estimation is giving equivalent results 

with a fraction of  the investment of time necessary for densitometry. The 

major gain of the densitometric method is an increase in precision without 

necessarily a concurrent increase in accuracy. We feel that weekly checks 

on emulsion sensitivity are all that are required to make the method of 

visual estimation competitive in accuracy with densitometric procedures at 

the present time. 

E .  Hydrogen Determination, 

After many minor problems the first analyses for hydrogen in 

standards are being performed. The National Bureau of Standards titanium 

samples, certified for hydrogen are being analyzed. The first sample to 

be analyzed gave results which were within 10% of the 0 , 0 2  weight percent 

hydrogen value. 

Since gas analyses will be necessary on the MgO samples, a 

laboratory to do these must be located, 

In recognition of the difficulties encountered in the analysis of 

the interstitial elements in refractories, the National Academy of Sciences 

is sponsorina - a round-robin on the analysis of carbon, nitrogen. hydrogen, 
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and oxygen i n  r e f r a c t o r y  meta s .  

t h i s  s t u d y  on the basis t h a t  t h e  spa rk - source  mass s p e c t r o g r a p h  i s  a new 

t o o l  f o r  these a n a l y s e s .  The m a t e r i a l s  i nvo lved  are  niobium, tantalum, 

t u n g s t e n ,  and molybdenum, and t h i s  w i l l  g i v e  us  a n o t h e r  chance t o  check 

t h e  mass s p e c t r o g r a p h  a g a i n s t  c l a s s i c a l  t e c h n i q u e s  s u c h  a s  vacuum f u s i o n  

and h o t  e x t r a c t i o n .  

We have been asked t o  p a r t i c i p a - e  i n  

111, PLANS FOR NEXT QUARTER 

P l a n s  f o r  t h e  next q u a r t e r  i n c l u d e  c o n t i n u a t i o n  of  t h e  e f f o r t  t o  

o b t a i n  i o n  c u r r e n t s  of u s e f u l  magnitude from IgO e l e c t r o d e s .  

n i q u e ,  i f  s u c c e s s f u l ,  w i l l  g i v e  u s  a c c u r a t e  and r e l i a b l e  a n a l y s e s  f o r  MgO 

compacts w i t h o u t  r e s o r t  t o  g r i n d i n g  o r  c o u n t e r - e l e c t r o d e  methods.  

T h i s  t e c h -  

A l i t e r a tu re  s u r v e y  w i l l  be made t o  f i n d  methods f o r  checking 

t h e  accu racy  of mass s p e c t r o g r a p h i c  a n a l y s e s  f o r  elements such a s  f l u o r i n e ,  

c h l o r i n e ,  and phosphorus,  w h i c h  cannot  be checked by emiss ion  methods.  

Hydrogen a n a l y s e s  o f  NBS s t a n d a r d s  and WgO samples w i l l  c o n t i n u e .  
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